The family Flavobacteriaceae, proposed by Jooste (1985) , comprises, at the time of writing, more than 100 genera (http://www.bacterio.cict.fr), constituting one of the largest phylogenetic groups in the phylum Bacteroidetes (Bernardet & Nakagawa, 2006; Bernardet, 2011; Ludwig et al., 2011) . The family includes many marine species from diverse habitats (Bowman & Nichols, 2005; Bowman, 2006; Lee et al., 2009; Yoon et al., 2010; Bernardet, 2011) and members of these species are important in the degradation of organic matter and the nutrient cycles in marine ecosystems (Cottrell & Kirchman, 2000; Kirchman, 2002; Abell & Bowman, 2005; Qin et al., 2010; Bernardet, 2011) . During a study on the diversity of culturable bacteria from intertidal sand samples of the Yellow Sea, China, a yellow flavobacterial strain, designated P7-3-5 T , was isolated. In this study, the new isolate is further characterized by using a polyphasic taxonomic approach and is proposed to represent a novel species of a new genus in the family Flavobacteriaceae.
The sand sample was collected from the intertidal zone of Lingshan bay (35 u 509 0.90 N 120 u 19 57.30 E), Yellow Sea, Qingdao, China, using sterile plastic bottles. Bacterial strains were isolated from the sand sample applying the dilution-plating technique on TYS agar [0.5 % tryptone (Oxoid), 0.1 % yeast extract (Oxoid), 1.5 % agar and artificial seawater]. Strain P7-3-5 T was routinely cultivated on TYS agar or in TYS broth (0.5 % tryptone, 0.1 % yeast extract and artificial seawater) at 30 u C and preserved at 280 u C in TYS broth supplemented with 20 % glycerol. Artificial seawater was prepared using Sigma sea salts (3 %). Hyunsoonleella jejuensis KCTC 22242 T , Jejuia pallidilutea KCTC 22298 T , Algibacter pectinivorans KACC 14153 T and Algibacter mikhailovii KCTC 12710 T used as reference strains in some tests were routinely cultivated in TYS broth or on TYS agar at 30 or 25 u C.
Genomic DNA of strain P7-3-5 T , used as a template for 16S rRNA gene amplification, was extracted from 1-2 ml liquid culture using a genomic DNA isolation kit (BioTeke). The 16S rRNA gene sequence of the strain was PCR amplified using primers 27F (59-AGAGTTTGATCTTGGCTCAG-39) and 1492R (59-TACGGCTACCTTGTTACGACTT-39) (Lane, 1991) and further sequenced at Biosune Inc. (Shanghai, China) using an Applied Biosystems 3730 DNA sequencer. The identification of phylogenetic neighbours was initially carried out by the BLAST (Altschul et al., 1997) and megaBLAST (Zhang et al., 2000) programs against the database of type strains with validly published prokaryotic names (Kim et al., 2012) . Pairwise sequence similarities were calculated through 3Contributed equally to this paper.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of Arenitalea lutea P7-3-5 T is JQ807811.
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the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) using the global alignment algorithm. Sequences were aligned using MEGA version 5 (Tamura et al., 2011) and phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods using the same software package. Evolutionary distances were computed based on the Kimura twoparameter model (Kimura, 1980) . Tree topologies were evaluated by bootstrap analyses with 1000 replicates (Felsenstein, 1985) .
Analysis of 16S rRNA gene sequences revealed that strain P7-3-5 T was affiliated with the family Flavobacteriaceae. The strain shared highest 16S rRNA gene sequence similarity with the type strains of Marinivirga aestuarii (96.9 %) (Park et al., 2013a) , A. pectinivorans (96.1 %) (Yi et al., 2011; Park et al., 2013b) and A. mikhailovii (96.0 %) (Nedashkovskaya et al., 2007) . It also exhibited moderately high levels of sequence similarity (94.0-95.9 %) to the type strains of 28 species belonging to 14 genera in the family Flavobacteriaceae. In the neighbour-joining tree (Fig. 1) , strain P7-3-5
T formed a distinct phylogenetic branch, along
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Aquimarina addita JC2680 T (HM475137) with the one formed by the genera Hyunsoonleella (Yoon et al., 2010) and Jejuia (Lee et al., 2009) , within a cluster encompassing the genera Hyunsoonleella, Jejuia and Marinivirga and two species of the genus Algibacter (Park et al., 2013b) . Topologies of the maximum-parsimony and maximum-likelihood trees were nearly identical to the one shown by the neighbour-joining tree (Figs S1 and S2 available in IJSEM Online). In addition, our results clearly showed that Algibacter aquimarinus and A. pectinivorans did not cluster with A. mikhailovii and Algibacter lectus, indicating that they do not belong to the genus Algibacter and that their taxonomic status needs further re-evaluation (Park et al., 2013b) .
For analysis of cellular fatty acids, strain P7-3-5
T and the reference strains were all cultivated in TYS broth at 30 u C (A. mikhailovii KCTC 12710
T at 25 u C) for 30 h. Cellular fatty acids were analysed according to the instructions of the Sherlock Microbial Identification System (version 6.0) using an Agilent 6850 gas chromatograph. Quinones were extracted as described by Komagata & Suzuki (1987) and identified by LC-MS (Agilent 6320 Ion Trap LC-MS system). Polar lipids were extracted as described by Komagata & Suzuki (1987) and analysed using twodimensional TLC on Merck Kieselgel 60 F 254 plates (10610 cm) (Collins & Jones, 1980) . TLC visualization sprays used included ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids) and Zinzadze reagent (phospholipids). Genomic DNA of strain P7-3-5 T was extracted and purified using the method of Marmur (1961) and the genomic DNA G+C content was determined by the thermal denaturation method (Marmur & Doty, 1962 ) using a Beckman DU800 spectrophotometer.
Strain P7-3-5 T contained iso-C 15 : 0 (37.3 %), iso-C 15 : 1 G (23.5 %) and anteiso-C 15 : 0 (9.0 %) as major fatty acids (.5 %), and iso-C 15 : 0 3-OH (3.5 %), summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 3.0 %), iso-C 16 : 0 3-OH (2.4 %), C 16 : 0 (2.3 %), C 18 : 1 v9c (2.2 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 2.2 %), summed feature 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ; 2.2 %), iso-C 17 : 0 3-OH (1.7 %), anteiso-C 15 : 1 A (1.2 %), C 18 : 0 (1.2 %) and anteiso-C 17 : 1 v9c (1.0 %) as minor ones (¢1 %) ( Table 1) . The predominance of iso-C 15 : 0 , iso-C 15 : 1 G and anteiso-C 15 : 0 was also found in the type strains of species of genera closely related to strain P7-3-5 T , but proportions of the three major fatty acids and some others such as iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH and summed feature 3 in these strains were significantly different from those in strain P7-3-5 T (Table 1 ). The major respiratory quinone found in strain P7-3-5 T was menaquinone 6 (MK-6), in accordance with those of known members in the family Flavobacteriaceae (Bernardet, 2011) . Polar lipids of strain P7-3-5 T included predominantly phosphatidylethanolamine (PE) and an unidentified lipid (L2) with three unidentified aminolipids (AL1, AL2 and AL3) and three unidentified lipids (L1, L3, L4) as minor components (Fig. S3) . PE, L2, AL1 and AL3 are also common lipids for members of the genera closely related to strain P7-3-5 T (Park et al., 2013a, b). The DNA G+C content of strain P7-3-5 T was 32.1 mol%, a relatively low value among those of type strains in related genera (Table 2) .
Growth at 4, 10, 15, 20, 25, 30, 35, 40 and 45 u C was examined in TYS broth. The pH range (5.029.0 at 0.5 pH unit intervals) for growth was assessed in TYS broth supplemented with different buffers: MES (pH 5.026.0, 50 mM), MOPS (pH 6.527.0, 50 mM), Tris (pH 7.528.5, 50 mM) and CHES (pH 9.0, 50 mM). Growth in the absence of NaCl and with 0.5, 1, 2, 3, 4, 5, 6, 7, 8 and 9 % (w/v) NaCl was examined in a liquid medium containing 0.5 % tryptone, 0.1 % yeast extract, 0.5 % MgCl 2 , 0.2 % MgSO 4 , 0.05 % CaCl 2 , 0.1 % KCl, 0.0001 % FeSO 4 and distilled water supplemented with appropriate amounts of NaCl. Anaerobic growth was checked in Hungate tubes containing TYS broth supplemented with potassium nitrate (0.1 %, w/v), cysteine hydrochloride (0.05 %, w/v) and sodium sulfide (0.05 %, w/v).
Cellular morphology and flagellum production were observed by transmission electron microscopy (JEM2 100CX II; JEOL). For this, cells were grown in TYS broth at 30 u C for 2 days and negatively stained with 2.0 % phosphotungstic acid. Gram-staining (Hucker's modification) was performed as described by Murray et al. (1994) . Gliding motility was checked by applying the hanging drop technique (Bernardet et al., 2002) . Oxidase activity was detected using oxidase test strips (Merck) and catalase activity was evaluated by bubble production in 3 % (v/v) H 2 O 2 solution. Flexirubin-type pigments were detected by the KOH test as described by Bernardet et al. (2002) . Hydrolysis of agar, casein, starch, gelatin and Tweens 20, 40, 60 and 80 was detected according to the methods described by Smibert & Krieg (1994) on TYS agar. DNA hydrolysis was assessed on DNase agar (Oxoid) prepared with artificial seawater. Enzyme activities and other biochemical properties were determined using API ZYM and API 20NE strips (bioMérieux), following the manufacturer's instructions, except that the inoculated cells were suspended in artificial seawater.
Cells of strain P7-3-5 T were Gram-negative, non-flagellated rods (Fig. S4) . Anaerobic growth and gliding motility were observed. Other morphological, physiological and biochemical characteristics are described in the genus and species descriptions. Strain P7-3-5 T could be differentiated readily from the type strains of species of closely related genera by a variety of phenotypic characteristics, such as pigmentation, gliding motility, NaCl and temperature ranges for growth, nitrate reduction, hydrolysis of various substrates, enzyme activities and genomic DNA G+C content, as shown in Table 2 .
Based on phylogenetic analysis of the 16S rRNA sequence and results from the chemotaxomic and phenotypic characterizations of strain P7-3-5 T , it is considered to represent a novel species of a new genus in the family Flavobacteriaceae, for which the name Arenitalea lutea gen. nov., sp. nov. is proposed.
Description of Arenitalea gen. nov.
Arenitalea (A.re.ni.ta9le.a. L. fem. n. arena sand; L. fem. n. talea a rod; N.L. fem. n. Arenitalea a sand rod, referring to a bacterium isolated from intertidal sand). Yoon et al. (2010) . DData from Lee et al. (2009) . dData from Yi et al. (2011) . §Data from Nedashkovskaya et al. (2007) . ||Results different from those reported in the original descriptions.
X.-Y. Zhang and others Cells are Gram-negative, facultatively aerobic, non-flagellated rods exhibiting gliding motility. Predominant fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G and anteiso-C 15 : 0 . The major respiratory quinone is MK-6 and the major polar lipid is phosphatidylethanolamine (PE). Phylogenetically, the genus belongs to the family Flavobacteriaceae in the phylum Bacteroidetes. The type species is Arenitalea lutea.
Description of Arenitalea lutea sp. nov.
Arenitalea lutea (lu9te.a. L. fem. adj. lutea yellow, referring to its yellow colour).
Description is as for the genus plus the following characteristics. Cells are catalase-positive, oxidase-negative, 0.921.3 mm long and 0.420.5 mm wide. They do not produce flexirubin-type pigments. Colonies incubated on TYS agar at 30 u C for 3 days are yellow-pigmented, circular (0.621.6 mm in diameter) and convex with smooth surfaces. Growth occurs at 4240 u C (optimum at 30 u C), at pH 6.028.5 (optimum at pH 7.0) and in the presence of 0.525 % (w/v) NaCl (optimum in 122 %). Hydrolyses casein (weakly), DNA, starch (weakly) and Tween 20 but not agar or Tweens 40, 60 or 80. In API 20NE tests, cells are positive for nitrate reduction, hydrolysis of gelatin and aesculin, acid production from glucose, b-galactosidase and assimilation of D-glucose, mannose and maltose, but negative for indole production, arginine dihydrolase, urease, and assimilation of arabinose, mannitol, Nacetylglucosamine, gluconate, caprate, adipate, malate, citrate and phenylacetate. Using the API ZYM strips, activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), a-galactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, valine arylamidase, cystine arylamidase and acid phosphatase are detected while activities of lipase (C14), trypsin, a-chymotrypsin, naphthol-AS-BIphosphohydrolase, b-galactosidase, b-glucuronidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are not detected. Except for the major fatty acids mentioned in the genus description, the following minor fatty acids (.1 % but ,5 %) are also detected: iso-C 15 : 0 3-OH, summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), iso-C 16 : 0 3-OH, C 16 : 0 , C 18 : 1 v9c, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), summed feature 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ), iso-C 17 : 0 3-OH, anteiso-C 15 : 1 A, C 18 : 0 and anteiso-C 17 : 1 v9c. Polar lipids include major amounts of phosphatidylethanolamine (PE), moderate amounts of an unidentified lipid, and minor amounts of three unidentified aminolipids and three unidentified lipids.
The type strain is P7-3-5 T (5CGMCC 1.12213 T 5KACC 16457 T ), which was isolated from intertidal sand of the Yellow Sea, China. The genomic G+C content of the type strain is 32.1 %.
